Background
Introduction
When planning clinical trials, it is essential to choose appropriate outcomes to assure the comparability of effects of interventions in ways that minimise bias. However, there is a growing body of evidence indicating that inadequate attention has been paid to the outcomes measured in clinical trials; choice and definitions of outcome measures across trials vary considerably [1, 2] . This problem is well recognised by systematic reviewers, as inconsistencies and heterogeneity in outcome reporting limits the ability of research synthesis [1, [3] [4] [5] .
Patients scheduled for cardiac surgery are at significant risk for the development of major adverse events during the postoperative course. Although surgical outcome has significantly improved over the last decade, cardiac surgery is generally associated with high incidences of myocardial, neurological and renal dysfunction, which account for up to 10% mortality, depending on the complexity of the surgical procedure, age, sex and co-morbidities [6] [7] [8] [9] [10] . Hence, coronary heart disease is one of the major contributors that cause the highest mortalities and burden of diseases worldwide [11] . Traditionally, trials in cardiac surgery traditionally focused on major outcome variables such as mortality, myocardial infarction or stroke, with little minimal consideration for what should be defined as optimum, for whom, and in what context. Although infrequent, serious adverse events are regularly measured, resulting in the need for large and cost intensive clinical trials to reliably detect true treatment effects of evaluated interventions. Only a small minority of outcomes, if any, appear to be patient-centred, promoting health and focusing on salutogenesis (lat. salus = health, gr. genesis = origin).
With the major focus being the reduction of severe adverse events, it is evident that there is little focus of what contributes to, or enhances, health and the well being of cardiac patients or how salutogenically focused outcomes could complement cardiothoracic surgical research. The term salutogenesis describes an approach focussing on factors that promote health and personal well being rather than on factors that cause diseases. It is a stress resource orientated concept, first introduced by Aaron Antonovsky in the late 1990's [12] , which focuses on resources, as well as maintaining and improving the movement towards health. It is the opposite of the pathogenic concept, where the focus is on obstacles and deficits.
For nearly thirty years, the World Health Organisation (WHO) [13] has advocated the promotion of health, rather than the avoidance of factors that cause illnesses. Accordingly, the WHO defines the promotion of health as "the process of enabling people to increase control over, and to improve, their health. To reach a state of complete physical, mental and social well being, an individual or group must be able to identify and to realize aspirations, to satisfy needs, and to change or cope with the environment. Health is, therefore, seen as a resource for everyday life, not the objective of living. Health is a positive concept emphasizing social and personal resources, as well as physical capacities. Therefore, health promotion is not just the responsibility of the health sector, but goes beyond healthy life-styles to well being". However, we hypothesise that cardiothoracic research continues to focus on factors that cause diseases, how those factors could be influenced, and how the diseases can be treated.
Recent publications strongly recommend the development and use of agreed core outcome sets (COS), which should be measured and reported as a minimum in all trials for a specific clinical area [5, 14] , also compare http://www.comet-initiative.org. Minimum core outcome sets are well established in several clinical areas [16] [17] [18] , which led to major breakthroughs in the treatment of cancer patients, and in rheumatology.
In the early 1970's, the WHO became aware of this enduring problem. Two meetings were held (1977 in Turin and 1979 in Brussels) in order to develop a "common language" to describe cancer treatment, and to agree upon internationally acceptable general principles for evaluating data [16, 17] that assured the comparability of results across trials. Essential details of patient characteristics or the therapy applied were guaranteed. It is apparent that cancer treatment still benefits from this early approach. The OMERACT (Outcome Measures in Rheumatology) is an independent initiative of international health professionals interested in outcome measures in rheumatology, who held their first conference in 1992 in Maastricht, with the aim to reach a consensus on core outcome criteria for clinical trials in rheumatoid arthritis [18] , also compare http://www.omeract.org. The OMERACT Initiative is still very active today; focusing on different appearances of the disorder as well as patient reported outcomes (PRO's) and quality of life assessment. The OMERACT Initiative is an impressive example of how patient stakeholders can influence research. After ten years, the OMERACT Initiative had to re-evaluate their core outcome set, despite of its success. The new core set omitted several outcomes of major importance to patients. One of these was fatigue, which is now included in the current version of the core outcome set on rheumatoid arthritis.
A minimum COS for cardiothoracic surgical research would address the problems depicted above. However, a recently published systematic review [15] on available core outcome sets for comparative effectiveness research has demonstrated that no COS exists for trials investigating pre-, intra-or postsurgical interventions in conventional cardiac surgery. As a consequence, we evaluated current clinical research on non-minimal-invasive off or on-pump cardiothoracic clinical trials (elective and emergency surgeries, excluding transplants) investigating pre-, intra-or postsurgical interventions to determine the type and number of outcomes reported by means of a systematic review of reviews. Furthermore, we assessed to what extent outcomes in cardiothoracic surgical clinical trials are patient-centred and reflect patients' perception, interpretation or evaluation of their condition and quality of care and if endpoints focused on salutogenesis. The results of this review serve the purpose of providing the basis for developing a minimum core outcome set for cardiothoracic surgical research.
Methods
In preparation of this systematic review, a protocol was composed (S1 Protocol). The review did not meet the inclusion criteria for PROSPERO, and therefore we were unable to register prospectively. However, a summary of the protocol is available at the COMET database (http:// www.comet-initiative.org/studies/details/630?result = true). The conduct and reporting of this review adheres to, as much as practicable, the standards of the Cochrane Collaboration as outlined in the Cochrane Handbook [19] and the PRISMA checklist of reporting of systematic reviews [20] , S1 Checklist.
Study selection
Inclusion and exclusion criteria. We considered systematic reviews of randomised controlled trials for non-minimal-invasive off or on-pump cardiothoracic clinical trials (elective and emergency surgeries, excluding transplants) investigating any pre-, intra-or postsurgical interventions (participants > 18 years of age) for inclusion. Pre-, intra-and postsurgical interventions are defined as any intervention that occurred before, during or after cardiac surgery and were related to the outcome of the procedure. We excluded protocols for systematic reviews and systematic reviews that had been withdrawn.
Identification of relevant studies. We searched Issue 7 (July 2014) of the Cochrane Database of Systematic Reviews for all reviews published by the Cochrane Heart Group, using the advanced search option limited to "all text" and reviews published by the Cochrane Heart Group using "
Ã " in the search box. Citations and abstracts were exported to EndNote X4
(Thomson Reuters, PA, USA). Each citation was then independently reviewed by two authors for inclusion via two complementary screening levels: level 1 = title or title and abstract screening, level 2 = full-text screening of citations judged relevant or considered relevant during screening level 1. Any disagreement of our judgements as to whether a review should be included was resolved through discussion and, if required, consultation with the team. a flow diagram detailing the process of selecting systematic reviews for inclusion and displaying the results.
Data collection and management
Data was independently extracted from each included review by two review authors using a purposively pre-developed data extraction form. Any disagreement was resolved through discussion and, if required, consultation with the team for consensus. For the purpose of this review, we adopted the definition of a salutogenically focused outcome introduced by Smith and colleagues [21] , which was channelled by the characteristics of the "salutogenesis umbrella" [22] . A salutogenically focused outcome was thereby defined as a positively phrased outcome reflecting positive health and well being, rather than illness or adverse events prevention or avoidance. Within pair discussions, each individually extracted outcome was rated as either i) salutogenically focused or ii) non-salutogenically focused, in accordance to this definition.
Any disagreement was resolved through discussion and, if required, consultation with the team for consensus. As a result, unique lists of salutogenically focused and non-salutogenically focused outcomes were established. In a subsequent step, outcome domains were determined accordingly during a consensus meeting with all team members. Fig 2 describes the data extraction process. If an outcome was reported more than once, we summarised obtained data to display the variety of definitions used per outcome domain.
Results
We identified 15 systematic reviews that matched our inclusion criteria, presenting data on 371 randomised controlled trials. The trials were performed between 1971 and 2013, comprising statistics on 58,253 participants. One third of the included systematic reviews evaluated a presurgical intervention (n = 5), and each of the four publications presented data for an intra-or postsurgical intervention. Two reviews were not limited to a pre-, intra-or postsurgical timeframe. Following this process, we identified two salutogenically focused outcomes (Table 1) , collapsing into two salutogenically focused outcome domains. For these two salutogenically focused outcomes (quality of life reported nine times, beneficial events-not specified by review authors and reported only once), none of the included systematic reviews were able to perform a meta-analysis due to lack of available data and inconsistency in outcome measurement. One third of included systematic reviews did not assess patient-centred or salutogenically focused outcomes at all. In contrast, we were able to extract data of 121 individual non-salutogenically focused outcomes reported in the included reviews. Those 121 unique non-salutogenically focused outcomes collapsed into 36 outcome domains. Overall, 50% of reported outcomes were reported only once. Table 2 displays these results, and states how many times the individual outcome was reported. Major outcome variables (mortality, cerebrovascular complications such as stroke and myocardial infarction) and outcomes relating to hospitalisations were reported most frequently. Table 3 shows the variety of outcome definitions used per domain for outcomes that were reported more than once. Utilised definitions and choice of outcomes were inconsistent for all outcome domains, e.g. for the non-salutogenically focused outcome domain "Mortality", 13 different definitions and/or terms were used in 15 systematic reviews. This can be transferred to all other non-salutogenically focused outcome domains accordingly. Two of the included systematic reviews chose a composite outcome as a primary endpoint; both composite endpoints varied significantly. Both systematic reviews were unable to perform a pooled analysis since necessary data was not reported on patient level for all composites of the combined endpoint.
Discussion
To our knowledge, this is the first approach to determine the type and number of salutogenically focused and non-salutogenically focused outcomes reported in current cardiothoracic surgery interventional research. In the 371 randomised controlled trials (n = 58,253) comprised in the 15 systematic reviews included in our study, we revealed that patient centred, salutogenically focused outcomes were seldom reported. Measures of quality of life (n = 9) and beneficial events (not specified by review authors, n = 1) were intended, but analysed in none of the meta-analyses due to lack of data in included studies, heterogeneity in outcome measurement and inconsistency in reporting. The near complete absence of salutogenically focused outcomes contrasts to a unique list of 36 non-salutogenically focused outcome domains representing 121 individually reported outcomes across all reviews. Major outcome variables (mortality, hospitalisations, cerebrovascular complications such as stroke and myocardial infarction) were analysed and published most commonly. Utilised definitions of single and composite endpoints showed an alarming inconsistency for the "same" outcome. Overall, 50% of all outcomes had appeared only once in included reviews. The findings of our review support the hypothesis that the effectiveness of cardiothoracic surgery interventional research is measured against adverse effects, rather than increases in measures of health and well being. Patient-centred, salutogenically focused outcome parameters are not currently an inherent part of cardiothoracic clinical research. Avoidance of adverse events is a crucial element when exploring effectiveness of interventions for cardiothoracic surgical patients, and should remain an important component of cardiac surgical trials. However, the consistent, exclusive focus on risk reduction continues to form the basis for policy and practice development, without taking patients' perception or evaluation of their condition, or quality of care and quality of life into consideration. When taking the contemporary curative nature of cardiothoracic surgery into account, it is vital that the perspective of all stakeholders-above all the patients' perspective-is considered when deciding on outcome measurement. Here, the phrasing of clinical endpoints chosen by review authors to report on "any beneficial (. . .) events related to this review" [23] already expresses an awareness of the absence of commonly used patient-centred, positive health related outcomes. Simultaneously, the inability to encounter the problem becomes apparent.
At present, 3.127 clinical trials are registered at the "International Clinical Trials Registry Platform" (ICTRP) of the World Health Organisation [24] , investigating cardiovascular diseases involving thousands of patients and costing millions of research funding. Without uniformity, internationally recognised definitions of clinical endpoints, and adherence to a minimum core outcome set for a certain clinical field, clinical trials will continue to produce avoidable waste in the production and reporting of research [4] . This impressive number of actively recruiting clinical trials in the field of cardiovascular disease highlights the urgent need for the minimum COS we propose.
Furthermore, we were able to demonstrate a considerable inconsistency in choice and definition of single and composite outcomes in cardiothoracic interventional surgical trials. Even for major outcome variables (mortality, myocardial infarction or stroke), which are measured most frequently in cardiac trials, no approved definition is internationally recognised. The terminology used, while presumably aiming to characterise the same variable, is deceptive and misleading (e.g. death all causes, mortality, total mortality or mortality all causes). This is further complicated by combination with a certain period of time (e.g. 28-day mortality, 30-day mortality, in-hospital mortality). Again, the wording of systematic reviewers to analyse "mortality within the commonly accepted definitions of either prior to discharge or within thirty days" [25] as a primary endpoint shows the major impact of the problem depicted for systematic reviewers and data syntheses, which aim to improve the treatment of cardiac surgical patients. Since standardised reports are crucial for meta-analyses and research synthesis, inconsistency and heterogeneity in outcome reporting continues to have significant influence far beyond the boundaries of a single clinical trial. It continues to impact treatment recommendations in guidelines, and affect clinical practice. Consequently, a standardised, salutogenically focused and non-salutogenically focused outcome evaluation is needed. This work highlights the need, and comprises the first element, to develop a minimum core (salutogenically focused and non-salutogenically focused) outcome set for cardiothoracic interventional surgical research. To date, the results of this systematic review cannot conclude direct implications for cardiothoracic surgery interventional research. However, it is our intention to reach consensus on endpoints to be included in the core outcome set via an eDelphi process in a subsequent step. The list of outcomes identified by this systematic review will provide the basis of clinically endpoints potentially included in the anticipated COS.
Limitations of the present review
Focusing so exclusively limits our review to a select patient group and to measurements of effectiveness against outcomes specific for a certain period. However, our review was not intentionally focused on a specific population, nor on any particular intervention per se, but rather on reported single and composite endpoints and whether they were salutogenically focused or not. Although our search was limited to randomised controlled trials included in systematic reviews published by the Cochrane Heart Group (371 RCTs, n = 58,253), we were able to clearly demonstrate the necessity for the postulated minimum core outcome set, and we believe that all of our recommendations are justified on the basis of the evidence we have cited.
Conclusion
There is an absence of salutogenically focused outcome parameters in cardiothoracic surgery interventional research. In the present review, we highlighted inconsistency and heterogeneity in reporting clinical endpoints of cardiac surgical studies. We recommend the development of a minimum core outcome set of salutogenically focused and non-salutogenically focused outcomes for intervention-based cardiothoracic surgical research.
